INTRODUCTION

36
Intestinal microbiota play essential roles in the maintenance of growth and health of hosts 37 (Hillman et al. 2017; Sommer & Backhed 2013) . Recent studies reported that perturbation of the 38 microbial communities in mammalian intestinal tract is closely related to metabolic diseases, 39 chronic inflammation, and cancer (Kashyap et al. 2017 ; Tian et al. 2017) . During the weaning 40 stage, a piglet is challenged by drastic alterations in bacterial exposure and dietary nutrition (Liu 41 et al. 2018) . Therefore, the process of bacterial community succession is vulnerable to multiple 42 factors, such as dietary contamination, environmental exposure, and physiological loss of 43 hemostasis. Disturbed transitions might render the piglet more susceptible to infection and 44 nutritional disorders, which would interfere with its growth and development. Thus, the weaning 45 stage was regarded as a necessary period for introducing antibiotics into the dietaries. However, 46 several scientists are concerned that the abuse of antibiotics in livestock industry might cause 47 damage of consumers' health and give rise to excessive bacterial resistance, thereby endangering 48 both animals and humans (Costa et al. 2015) . There has been a general trend among food 49 administrations to ban or limit the use of antibiotics in livestock business. Although using 50 antibiotics have reduced the total infections, the diversity of colonized bacteria is could be 51 underestimated, which might explain the occurrences of diarrhea in some weaned piglets fed with 52 antibiotics. Thus, substitutes for antibiotics, which can prevent infections at the weaning stage, are 53 urgently required. Evidence suggesting that probiotics, as alternatives to antibiotics, have positive 54 effects in controlling infection and promoting growth mainly due to the competitive exclusion of 55 pathogenic bacteria, has emerged (Inatomi et al. 2017 ; Kim et al. 2018 ).
However, deciding which kind of prebiotics might have positive effects on piglets is difficult 57 to predict. Screening effective prebiotics candidates can be time-consuming and labor intensive. 58 Detecting prebiotics from pigs and turning it into food additive for the same species might be a 59 solution to the problem. Therefore, this study applied 16S rDNA gene sequencing (Cole et al. 
75
Six Shanxi Black pigs were used in this study. The individuals were raised at the Datong Pig 76 Breeding Farm (Shanxi, China) with standard dietaries (Council 2012 (Fig.1A) . Generally, at the same age, samples of the same intestinal segments from different pigs 146 were highly correlated with each other.
147
Thereafter, we performed principal component analysis (PCA) based on the OTU profiling 148 (Fig.1B) . The majority of the B25 samples were tightly clustered, whereas the B70 samples were 149 divergently scattered. Therefore, we supposed that the intestinal segments in the B25 group were 150 relatively similar in terms of microbial community composition. As illustrated in To analyze the alpha diversities of the samples, we calculated several indices as mentioned 155 in the methods (Table 2) . Firstly, with the coverage of all samples being higher than 90%, we 156 inferred that the sequencing depth attained was sufficient to evaluate the diversities of the samples, 157 which was further confirmed by the presence of plateaus in the Shannon-Wiener curves (Fig.1C) .
158 Subsequently, we have compared the other indices between the B25 and B70 groups. We have 159 combined the D, I, J segments and labeled it as small intestine (SI) to distinguish it from the C 160 samples.
161 Microbiota profiles of the distinctive intestinal segments 162 The phylum composition of each sample is listed in Supplementary Table S1 . As illustrated 163 in the stack plot of phylum proportions ( Fig.2A) , the majority of the obtained OTUs belonged to 164 Proteobacteria, Bacteroidetes, and Firmicutes, which accounted for 95.5% ± 4.9% of the samples, 165 although the I of pig 1 and 3 in the B25 group and that of pig 1 and 2 in the B70 group appeared 166 to have >1% of Bacteroidetes. Cyanobacteria ranked fourth among the dominant phyla in the total 167 microbiota. It had the most abundant distribution in the J of pig 2 in the B25 group and that of pig 168 3 in the B70 group, constituting up 21.6% and 10.8%, respectively, in the microbial communities.
169
The genus classification is listed in Supplementary Table S2 . The genus with either low total 170 richness (out of top 50) or small standard deviation (out of top 50) merged and labeled as "Others"
171 for dimension reduction to generate the genus stack plot (Fig.2B) . The result showed that the most 172 predominant genera among all the samples were Acinetobacter, and that. SMB53 (Clostridiaceae)
173 was the fourth highly enriched genus, whose total amount was mainly contributed by the 174 unexpectedly high proportions in the I of pig 1 and 3 in the B25 group (71.4% and 65.5%), and in 175 the J of pig 1 and 3 in the B70 group (21.6% and 22.0%). Comparing to the small intestinal 176 segments, the C segments in the B25 and B70 group presented consistently low proportions of 177 Acinetobacter (<1.5%). The most dominant genus in the C of the pigs of B25 was Prevotella, 178 which constituted 42.1%, 61.4%, and 44.0%, respectively, in the three replicates, whereas in the 179 C of the pigs of B70, the dominant genus was Faecalibacterium, with the proportions being 71.6%, 180 47.7%, 33.2%.
Intragroup comparison of bacterial microbiota among different intestinal segments
Firstly, beta diversity matrices of the two groups are listed in Table 3 , respectively. The beta 225 diversities between the small intestinal segments in the B70 group were significantly higher than 226 those in the B25 group (P < 0.01). In addition, the beta diversities between the C and small 227 intestinal segments in the B70 group were significantly larger than those in the B25 group (P < 228 0.01). Therefore, it appeared that the pigs at nursery periods had the lowest differentiation among 229 segments (P < 0.01). The result suggested that the B25 group might have richer intestinal 230 diversities than the B70 group, and that the pigs at weaning could be vulnerable.
231
Subsequently, analysis using Metastat for differentiated taxon identification the fixed 232 segments between the two groups (Supplementary Table S5 -S8). To evaluate the differentiation 233 of the communities among the intestinal segments, the beta diversity matrices of each group were 234 calculated and listed in Table 3 . As we were interested in the successive change in every segment 235 of the intestines of pigs. The comparative values generated from the samples of the same pig were 236 considered to reflect successive alterations in microbial community composition in the different 237 intestinal segments. It was observed that the beta diversities generated by comparing the microbial 238 communities in the small intestinal segments, were significantly higher in the B70 group than those 239 in the B25 group (P < 0.01). In addition, the beta diversities of C and each small intestinal segment 240 were higher in the B70 group than in the B25 group (P < 0.01). Therefore, it appeared that the pigs 241 at the nursery stage had more divergent microbial community structure among intestinal segments 242 than the 25-day-old piglets.
243
For comparing the differences functional enrichment of the intestinal segments between B25
244 and B70 groups, the I (Fig.5A ) and C (Fig.5B ) segments presented significantly differentiated 245 molecular enrichments (24 and 16), whereas D and J did not. Among the differences, the majority 246 were elevated in the B25 group, with one exception in the comparison of C. The result was 247 consistent with the fact that the B25 group possesses a more diversified microbiota than the B70 248 group. The breast milk might be more enriched and contain more diverse nutrients than do 249 manufactured dietaries; therefore, both the I and C segments in B25 group showed more 250 enrichments in a variety of metabolic enzymes. However, it was intriguing to spot that the C of 251 B25 were more enriched in multiple antibiotic resistance proteins, heavy metal exporters, and outer 252 membrane channel proteins Tolc. In addition, differentiated pathways were identified based on the 253 differential taxonomic composition revealed by the analysis using Metastat (Fig.5C-F) . As shown 254 in the figure, the major enriched pathways were associated with metabolism, particularly for 255 carbon metabolism, and pathways associated with the biosynthesis of amino acids and proteins.
256 The result was consistent with the fact that their carbon and nitrogen sources were altered.
257 Moreover, the enrichment of galactose metabolism was consistent with the inferences of the 258 molecular function prediction, because piglets leave a limited surplus of galactose for cecum 259 microbes before the weaning stage.
DISCCUSSION
261
The pork-producing industry is facing substantial challenges, including abuse of antibiotics, 262 failure of infection control, and nutritional malfunction, particularly at weaning and nursery stages 263 when the gut microbial communities of piglets are immature and vulnerable (Hedegaard et al.
2017). Accumulating evidences suggest that the intestinal microbiota in mammals affect a vast
265 range of metabolic activities associated with bacterial growth and exert considerable effects on the 287 understand a serial continuum of functions to decompose the nutritious compounds. In addition, 288 breast-feeding would also help to explain the inference of increased alpha-galactosidase in the C 289 of B70 group, because mammals depend heavily on lactose metabolism at the weaning stage, 290 which leaves a limited surplus for intestinal microbes. In the weaning transition, the diet of the 291 piglets was changed from highly digestible milk to a less digestible solid feed. We concluded that 292 besides the age factor, the stress of weaning and shift in food composition might contribute to the 293 significant change in microbiota profiles.
294
To fulfill the goal of providing insightful clues for probiotics screening, we suggest chosen 295 candidates in the globally distributed genus, as a prerequisite for a probiotic to enhance host growth 296 is the origin from the pig gut microbiota itself (Strube et al. 2015) . The characteristic high 297 proportion of Faecalibacterium in the C of B70 might have played a key effect in balancing the 298 microbiota and favoring host performance. Therefore, we would recommend considering 299 Faecalibacterium as a candidate genus for probiotics screening.
CONCLUSIONS
301
In conclusion, this study is the first to describe a comparison between the microbial 302 communities between weaning and nursery piglets, to the best of our knowledge. We found that 303 microbes in the various intestinal segments of weaned pigs undertakes to build sophisticated 304 architecture, which might be effective in performing organized functions as a continuum, although 305 the microbial community of every segment was less diversified than that of the corresponding 306 segment in piglets before weaning. Therefore, we would suggest introducing various kinds of 307 cooperative probiotics that harbor in different intestinal segments and help the piglets to deal with 308 stresses at the weaning and nursery stage.
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1.
The beta diversities generated by comparing the small intestinal segments in the B70 group were significantly larger than those 2 generated in the B25 group (p < 0.01). 2. The beta diversities imputed by comparing cecum and each small intestinal segments were 3 significantly higher in the B70 group (p < 0.01) than those in the B25 group.
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